[method 2 of (33)] were hydrolyzed with restriction endonucleases, and the products (2.5 ~g of nDNA and 2.5 ng of mtDNA per lane) were separated by electrophoresis in a 0. 7% agarosa gel in 40 mM tris acetate and 1 mM EDT A-Na 2 (pH 8.1) for 2 hours at 150 V. DNA was transferred to GeneScreen Plus nylon membrane (DuPont Canada, Lachine, Quebec) according to the manufacturer's specifications. Before addition of probe, the blot was hybridized for 2 hours at 65"C in 30 ml of 5x saline sodium eilrate (SSC; 1 x is 0.15 M NaCI and 0.015 M sodium citrate), 20 mM sodium phosphate (pH 7.0), 10x Oenhardt's solution [T.
Maniatis, E. F. Fritsch, J. Melanoma formation in Xiphophorus has been studied since 1922 ( 1 ) • Crossing of a tumor-free wild-type strain carrying Tu and R with a strain carrying neither locus produces progeny that develop tumors. The emergence of this phenotype is due to the loss of R-bearing chromosomes in the hybrids, which allows expression of the full oncogenic potential of Tu (2). We have addressed how such a potentially injurious locus was generated and maintained during evolution and how its transforming activity is suppressed in the feral populations.
We recently showed that Xmrk, a gene encoding a receptor tyrosine kinase closely related to the epidermal growth factor (EGF) receptor, is the critical constituent of the Tu locus (3) . Xmrk is present in the Xiphophorus genomein two different copies. All examined specimens of the genus Xiphophorus and related species contain one Xmrk gene that fulfills all the characteristics of a proto-oncogene (4, 5) . A second copy of Xmrk is present only in individuals that carry a Tu locus. This second copy is a structural constituent of the Tu locus (3) (4) (5) and is the melanoma-inducing oncogene. The two genes reside within 2 centimorgans (cM) of each other on the sex chromosomes (5), with X-and Y-chromosomal alleles of the oncogene ( 4). The proto-oncogene is differentially expressed during embryogenesis and is expressed at low Ievels in adults in normal epithelial tissues as well as in melanoma. lts expression is independent of R. The oncogene, however, is only expressed in melanoma (at high Ievels) and only when R is absent (3, 4, 6) . Primer extension analyses sequences with TATA-and CAAT-like elements located at the expected distance from the transcription start site (Fig. 1) . Surprisingly, the potential promoter se- sequences unrelated to the oncogene promoter had shown a comparable transcriptional activity in the two cell lines ( 13) . Therefore, the elevated activity of the oncogene promoter was not simply due to a generally higher rate of transcription in PSM cells but rather suggests that the R locus negatively regulates the oncogene promoter in Al cells. However, although expression of the Xmrk oncogene is not detectable in nontumoraus tissues of XiphophParticipation of the R locus in transcriptional regulation was. suggested by the observation that the Xmrk oncogene is overexpressed in melanomas of hybrid fish that do not carry R (4). Todetermine whether transcription from the oncogene promoter was dependent on the absence of R, we • I (Fig. 3B) . Presumably, the properties of this aceidentally acquired promoter are responsible for the overexpression of Xmrk in pigment cells of hybrid genotypes that do not carry the R locus (Fig. 3C) . We suggest that the product of the R locus partieipates either directly or indirect- The sequence similarity between the
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Xmrk proto-oncogene and oncogene terminates in the region encoding the signal peptide, which is cleaved off in the mature Xmrk receptor tyrosine kinases. Hence, the original oncogene and proto-oncogene products may have been essentially identical. Over the course of evolution, the oncogene may have acquired mutations that further enhanced its tumorigenieity in hybrid fish that do not carry the R locus.
The Xmrk oncogene contains a stretch of sequence {framed by a large box in Fig.  1 ) that is present neither in the D locus nor in the Xmrk proto-oncogene. This sequence encompasses the entire untranslated 5' region of the oncogene transcript, the A TG codon, and the codons responsible for the new but obviously functional signal peptide. Polymerase chain reaction (PCR)-mediated amplification of this sequence from DNA of Xiphophorus genotypes carrying either the Xmrk proto-oncogene alone or both proto-oncogene and oncogene yielded identical products in every case (Fig. 4) . This result suggests that another locus has contributed this sequence to the oncogene locus, perhaps through a second recombination event. The fact that this fragment is flanked by an 8-nucleotide direct repeat ( new Xmrk oncogene promoter was not limited to the genotypes and celllines used for this study, we performed PCR analyses on a variety of genotypes, using primers that flank the entire region of recombination. The expected PCR product was obtained from all genotypes that carried an Xmrk oncogene but not from genotypes without an Xmrk oncogene (2 I).
In summary, these data explain how a potentially deletcrious gene, the Xmrk oncogene, was generated and has been maintained over many generations in the germ line of Xiphoplwrus tish. Through transcriptional control of its accidentally acquired promoter, the oncogene remains inactive until the factor (or factors) that suppress its expression in the melanophore cell lineage become impaired in the hybrid genome. Because the original site of action for the R locus was most likely not the Xmrk gene, the situation in Xiphophorus may best be described as "tumor suppression by aceident."
Acids Res. 12, 387 (1984) . 16. The proto-oncogene cDNA was isolated from an oligo(c:IT)-primed library prepared by standard methods with polyadenylated [poly(A)+] RNA from the Xiphophorus embryonal epithelial cell line A2 (8) . The D locus and Xmrk oncogene promoter clones were isolated from genomic sublibraries (X. maculatus stock Rio Jamapa xru-Sclf yru-s~ constructed as described (3), except that DNA fragments of 1.5 to 2.5 kb (D locus clone) and 4 to 6 kb (oncogene) were used for ligation. Probes were labelad by random priming ( 14) . The A2 cDNA library was screened with probe 3-2E (3), and the Xmrk oncogene sublibrary was screened with a 544-bp Eco RI-Eco RV fragment (5' -ATGGAGCAGCAGTCTGACCTG-3', position 290 to 310 of the oncogene sequence) and OP2 (5' -CCGCTCCTCCGCGCAGAAAC-3', position 347 to 365 of the oncogene sequence), which border the region framed by the large box in Fig. 1 . 25. The Xmrk oncogene promoter was cloned into pBLCAT3 ( 17). Orientation and cloning sites were confirmed by sequencing. The sequence fused to the CAT gene spans the region from position 1 to 288 of the oncogene sequence (see Fig. 1 The neural circuits that link the basal ganglia with the cerebral cortex are critically involved : in the generation and control of voluntary movement. Retrograde transneuronal transport c of herpes simplex virus type 1 was used to examine the organization of connections in the · cebus monkey between an output nucleus of the basal ganglia, the internal segment of the globus pallidus (GPi), and three cortical areas: the primary motor cortex, the supplementary ~ motor area, and the ventral premotor area. Spatially separate regions of the GPi were < labeled after virus injections into each cortical area. The GPi projects to multiple cortical motor areas, and this pallidal output is organized into discrete channels. This information provides a new anatomical framewerk for examining the function of the basal ganglia in skeletomotor control.
The basal ganglia are subcortical brain nuclei that are critical for the central generation and control of voluntary movement. lt has been suggested that these structures are involved in the intemal generation of movement, the automatic execution of motor plans, and the acquisition and retention of motor skills ( 1) . Dysfunction of the basal ganglia, as occurs in Parkinson's disease, is associated with striking disorders of movement (2) . The input nuclei of the basal ganglia (that is, the caudate and putamen) receive substantial projections from diverse regions of the cerebral cortex, including motor, sensory, prefrontal, and limbic cortical areas. The outpur nuclei of the basal ganglia (that is, the GPi and the substantia nigra pars reticulata) send their axons to the thalamus and, by this route, project back upon the cortex. Thus, a major aspect of basal ganglia circuitry is its participation in multiple open and closed loops with the cerebral cortex (3).
Our understanding of the organization of basal ganglia loops with the cerebral cortex has evolved considerably over the last 20 years. In the past, the outpur of the basal · ganglia was thought to terminate in a single region of the thalamus and to influence a single cortical area, the primary motor cortex (4). According to this view, the basal ganglia funneled information from wide-• spread regions of the cerebral cortex into the · motor system. lt is now clear that the outpur · of the basal ganglia terminates in thalamic . regions that gain access to a wider region of the frontal lobe than previously suspected , (5) . lndeed, live parallel basal gangliathalamocortical loops have been identified, each of which is focused on a particular region of the frontal cortex (6) . These loops were designated the skeletomotor, oculomotor, dorsolateral prefrontal, lateral orbitofrontal, and anterior cingulate circuits. We have now examined the organization of the skeletomotor circuit with a neuroanatomical technique that makes use of retrograde transneuronal transport of herpes simplex virus type 1 (HSV-1) (7). This technique provides a unique method for labeling a chain of synaptically linked neurons. Our results provide evidence for at least three skeletomotor circuits, each of which involves a spatially separate region of GPi and influences a different cortical motor area.
We injected the Mclntyre-B strain of HSV-1 into the arm representations of either the primary motor cortex, the supple-
